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Abstract of JP5251739 

PURPOSE:To achieve an LED in which the 
luminance of shortwave length light is led 
or above, by using a eutectic alloy forming 
means for joining of LED wafers, 
semiconductor light emitting devices, 
together. CONSTITUTIONS a wafer 36 
of GaAs red LED, a semiconductor light 
emitting device, a light emitting layer is 
made of an n-GaAsP epitaxial crystal 
growth layer 25 and a p-GaAsO epitaxial 
crystal growth layer 26 which are grown 
and laminated on an n-GaAsP epitaxial 
crystal growth layer 34. In a wafer 35 of 
Gap green LED, another semiconductor 
light emitting device, a light emitting layer 
is made of an n-GaP epitaxial crystal 
growth layer 29 and a p-GaAsP epitaxial 
crystal growth layer 30 which are formed 
and laminated on an n-GaP photo 
semiconductor epitaxial crystal growth 
layer 33. Then, the GaAsP red LED wafer 
36 and the GaP green LED wafer 35 are 
forwardly joined together by the use of a 
eutectic alloy. The semiconductor light 
emitting device chip thus becomes an LED 
of an intermediate color between red and 
green. 
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(2) 

1 

jpirx br ? * ->-t;i/*§#ij&&if tr*** nfc^agttfs 
^S^ISiiSe b < < t *>—?sk±.v>wtm 

#?B3fc^£:3fc¥##«£l!.£« h tc J; -z> T»£- b 

tjess c t sr?^ t -r * *mm&&rw x. 

3 ] W&m 1 2 eE*0¥W* 

##56ftxA-fX. 

[§?*g 4 ] m^m i at a tcusa 2 ices©*^ 
[ifj&s 5 ] stsfSB i mmzmwR 2 cea®*** 

^t/HXC*HT. '>&<£&-o£Ui©5S3ftBT 

nmsD VT&&xm& s *Mffli?ri6fc b 

itz\h ztm ftz*m#3&tT/w x. 
m&m6i ®xmi&zf\zm#i%2\z?im<D¥m# 30 

»*5Vt-fXC*lr»T. '>&<£fc-0.&U:©§S3fcJlT 
nBJJnbT, &*©f§ftlia>6©38#££EScl::fW8Pb¥ 

*wwBt5Vt-f x ©^ ? y ns-cas t #s b < \m t n 

XteiH £ #© * ffifc©58ft It WW Bjffi 1C bfc ^ t 

^-TftiMHm^m x. 

Sgft^A-f XdiS^T, i|M»#5S3t*^©3t¥3JfrXtf 

pJrz/vfrm&itL&mtizmi&vtt-zyznmtyt 40 
^**essffi±tc^bfe*-s ^ ?mffi#&^&ft; 

D S -e-fc C t £#® tT Z> ¥»fr3S3!£x a 

^fX. 

[It*«8] ^JfilMmci»*3S2CE«©^«: 
»#5 f /t'f;*fc*WT. ^«^^?©3t¥«#Xtf 
* =*• -> * ;]/&Hj££Jf ± \zmfe<D& \Z MVUt Vtt- 3 
y ?€ffiJgfi£ffi±£ffiK&Jg:eb< tt^*KJ#Ji-C*¥ 
£ft«gfi£ffi±ICJBj£bfc:*-S^Sffi±£# l i&£ ; £! 50 



#BPP5-2 5 1 7 3 9 

<bbit«^^*t!i$^ojg«s^-rs i 5M*tJ5:<, a^sa 
k^-- 3 y 2&m&im±£m\zm2ntt&m%v < \t 

K^fe-r** c t si*® t-rz^mfrmtfm x. 

[3B9l©SMH&Sfflli] 

[0 0 0 13 

^^rbfe^^sg^^icgi-r^feor. WKasuH* 

©tenses, isssa^s, ^w^oxvyzfvy^m 
nm^ \zm v^s e wtsssss nit!a)*s©#^^s 

[0 0 0 23 

Til ^3fe^-f (Light Em 1 t t 1 ng 

D i od e-LED) , Hf-^-f ^— H (Laser 
D i o d e -LD) ©SlCld^1t^e«iSST^?tT 
5aAiII/i' • ;U3^.-y-fe>X (Electro 
•Lumlnes enc e-EL) tt, **^iBatb 
TGaAs, GaP • pn June t i on (pni 
£■) T*0> :©pn J un c t i o n CJH^lSjlcajE 
5£BUllTSCtlcj;D, 4>8c*-rUir£&Ab, *^'J 

^©Wfi^w^Scgro^s^^S^-rafeo. ^ 
n««©^a«« led to* °mmmominm l e d k 

^»JSn^. XS14xi^^hn;i,3*y-fe>xtti!ea^ 

TteitaS • 55iffi©^-fn , bBJt6TitS5K»>^-i*^Ttt7 
*-3>^*^StitT. ttAmS5WKffliiiS$tS©5fiJ 
ffl-^G a A s m*8S±lc»^€r}gj«b. Afng^l; 
i:5+YU-V©ffiA3a*©Bfe^tCJ;5. rne¥^^ 
^3ST © ^ T *— m (CJSffffi© L E D tt^ 

[0 0 0 3] X> pnpFET (Field Effe 
ct Transistor) ^H^WctDfifjiS 

fc«X^JU^-»»©^ffl7tJlfc bTffl^ ^tXS L E 

Dtbr, sr#e^*^tbT«. tr-i/Sig a 

= 6 3 0nmtS) , WS3 0 OmC dSJS©G a A s 
PjpfeLED. hf-^«S (A = 6 6 0 nmgS) . J? 
«5 0 0mcdO-»yMrD (SH) «j@GaAl 
As ifiLEDMD, jgfe5E7K^i:bT«, tf- 
^ftfi U = 6 1 OnmgS) , W*3 0 OmcdtJ^ 
OGaAsPgeLED, fteSKtJR^t bTttt!-^ 
?Sfi (A = 5 9 0 nmgS) ©WS 300mcd©Ga 
AsPSfiLEDAifD. IseSSttSf^iL-nifc!-? 
ifitfi (A = 5 6 5 nmiffi JBPL&5 0 Omc dSS^Ga 
P itifeL E D t> 6ftTt»*. 
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(3) 

3 

[0004] ft*, *m#¥mm?&i&tfi.-rz3zi3.^m 
%£km&&mx (vpe) 

(LPE) t>m*>ftTt$K>. VPEBGa 
AsPCMC. LPEIJGaAlAs, GaP^©Jg 

[0005] ^omom&m&i&mtvT. m®&mz 

MftCfflV^VPE (MOVPE-me t a 1 o r a 
gnic Vapour Phase Epitax 
y) ^©#8**50 £nTV>£>. 10 
[0 0 0 6] 

[»5J##ftU«k-5fc-r*fflUS] MW8©S*ffl«ili© 
#-*©»3Kfi«W»c*V»T, lcdg(±©»S*t 

[0 0 0 7] ^fe®«-C«Itaa^S!T*?)GaA 1 A 
s-LED«lc dE*±©Jtpg#iggl;:#£ftTH5 

a*. #ej;o@is^«oiee^eseoLED-cttra 

f&&&M~V&ZGiiAs P-LEDKaP-LEDS 

^fflLTv^^b. 5 o omc dumtfmzmfttfr* 

Lfc/^T. S^lC^fflfSLED^fe^roa 
£\ GaAlAs^LEDa&liTTW, 

1 SKSt S U - F±fc«»fi«Sfl£flm 

[0 0 0 8] *fc, itftffl#S!T*-5 InGaAlP- 

[0009] £v>mm<o—3\z&xLitm&mtft*m 
if&ns. *&. »«sipj±s-&^i*tuT, ytK$t 30 

tf5dt«W*5*t. 5*i£i;T©tSB©}t 
SI cd«±©LEDiUT+#£^Cfc#;T;£fcV» 
©*tK1*-e;&-5. 

[0 0 10] X, 8ftBlC*tt*«ftJi£:LT> A'>H 

■ *t^®**W I n G a A 1 P 

>H • * 1 7 a A s §Ot}8<Oi^ Wt 

[0 0 11] bfcj&toT, SS^C.kOT^tCftofcft 

[0 0 12] L&^T. «0t#IWM8ilS«fc:-t©S5 
[0 0 13] ^^-e^0«S2-Cli, 3£¥**feUEtt 50 



#B8¥5-2 5 1 7 3 9 

4 

&#&&&&mne>miR<»mm*fctfzttib\z. ?mm 
tK*m&m&&®.<»mzK.%®>*mmim^ zts.zyt 

[0 0 14] b*»U WE3tEltBtt-eng#©3£»fK 
Rtf£tf«<5 0-6 0Xi«V>fc»+#fcj»**t»S 

[0 0 15] K»li*«ttrfcflBW3S»6«*b 

^O^ififi^^L^SKT?*^ G a A s X*m#& 
0 \z*<D5tmL&ft \zMLmmx&Z G a P 
%¥*tt|gft££&ja»fclni-. Ga, PttJ&«JEJH 
XttlniM (Gai-, Ali), P©ffi£43B2Jf£W 
tSlni.i (Gai-. Al. ) ..s P-LED (Hfi 
HWXIt. WU'Mm GaPft 
<h I no.* (Gai- Al. )..» Pi 

[0 0 16] ffi*«Hl, 0 2, 03lC*UfcP-Ga 
i-. Al. As««EJ£»B3iC*^T. u#»0. 7©« 

&*si/fcfcot, c©«»flt«ii©#ttfcj:-3T«Ht 
[0017] *!nr»3e»*ft±»fT*©*3»Wffl*^r 

tBfcfc*fifcfi©Jfc*»-r4¥«#fBft*^ I nGaA 
1 P©B3765)ISSitf»-l!«ll«Sn*Sttli^6^5n5 

m&iM c dj^Kfc*LED*awrt-***Bttti, 

[0 0 18] 

[0019] a^oawoiMwiJjwt^-f ^wu 4>& 
4>fc< tfe—pK±©«^BtJt¥*^jp«xtr^^-> 

#«§g«1£ t L Tfi£* C t £#18 £ 

[0 0 2 0] S=©58i©f«^f/HXH H# 
m 1 tttfCM&fl 2 CE«©*»»3WI65*/W 7.\Z&K 
T. ^»#:^*?©^«#:xfcf^^>-v;Pi(SS^S 
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5 

-> v jmsaajmb \zm 

[0 0 2 1] SglS©|8^©¥$#f8ft7WXtt, §!# 

m i m# tcn^s 2 [zmm<o*m&&yty : ;w * t*^ 

t£M,i&&m&&ytm\z <t ofrrsftrox*;^-.}: o *> 
**fcA-> v 5/ :/ft^s*£i3«i<!iii-e<&s c t 
ft^iat-rs. 

[0 0 2 2] JBH0!)SW9©*HI#«*5*-'WXtt, M* 
[0 0 2 3] S*©5B1?l©¥i*#3g3fc7WX«, M* 

^^^fOEA-rTxSiE-n^n^mibT. &*© 

[0 0 2 4] m-t©5E^©¥#^3txAW X«. M* 

m&L1ft- 5 y?««#S^&fofilSSiftiftW£©«J 
fcW»»«fls**B."3> «MHIteJ:oTim»S*,. 

tCi ft #8 fcT*¥IWWS}fc5 f AW X. 

[0 0 2 5] SA©55PII«tA«», M* 
m. 1 Mt;iC«*S 2 lcf2«t©¥«#38#7W X 

Dic*fi*L<ti6*5itJi*»i*u. #¥*#«§n.a 

*jW*£©«M***T«i6»W*&<> fi^ft&i— 5y 
jJ«AuRtfA 1 RZ/AgXB:K»*©SV^«MtfC-& 

^T»«e:tft#®i:-r-5. 

[0 0 2 6] 

if k tt^a«a^#*ffiissts«±t3fc*j»frxfc;^ 
»*ifgssfifti!5fe-rs cttj; D*ft*s»fc*D tar 



(4) *JHJP5-2 5 1 7 3 9 

6 

fi, Hfe, »fe»3ttTlcd£t±©»a*t«SC#Sn 
S. X******? • LED9x-A-H*OWt 

M 
[0 0 2 7] 

[*M«SJ] HI. 0 2, H3fcjRL&«*a«fc±5i|& 

[0 0 2 8] H4^tt««H-K>if 
LfciS;5S3xi O'^cir'ggOn-GaAs^ift: 
10 fg&S&ftftK r©n-GaAs^*ff«SS»«± 
KMOVPE8TCJPS 1 umTM*6<8jftK-e>^Lfc 

1 0 17 cr>©n- I nc.5 (Gai-.Al.) 
0.6 P£y-y FB2 lftjfcgStt, *£J93 0. 6/zm 
©7>H— ^Int.i (Gai-, AI, )m PSttH 

ti8S5 X 1 0 1T cm-»©P- I no. 6 (Gai-, A 

miS©^Ml5H-e>i/8Ilx l 0 1! cnr 3 ©PSG 
a!-. Al, As««J£ftJB3ftJB&MOVPEjSTrj* 
i» »Ctnl!GaA37t**<«gaStRl©ffi©S 

* h 3*. K*f«8l©mifc&ftJi 3 ±CBAu - Z n^© 
PttiSSt-???^^? hS-a-fcfiE*©ttfB"C 
«. m«Ei£«UI3T*£Ga.-. Al. AsJItePiUm 
ffi 5 <£> ©mfflET^Jilff 51^31^ • LED?y ^ffllC 

fti/t. j6f.i*Lfei2.siTat<, £nftffli»&v>t>©fe 

[0 0 2 9] H2fc«Lfc«3to!rj*ibT3e*WMi» 

#¥#toJ6fi£«#tt©ii#©«5g8fti£tfsfcak:fg# 
jiti|ii»flESffi©rac^Kitaft^ufct>© j ?», S3 

fc^l/&f)£**j*Tf4***». g«GaAs©ttt)l;:G 
aPftStglCL-t©±»C»^L-/cltfJ5«> I n G a A 1 
P-LED • ¥^gXS?0£%& «fi-*fi> t 
*fLT?fi®i53fcG a A s iSfc 0 G a 

40 [0 0 3 0] m«i£«tJl©7cS«^fr*ViT> 0 1 ©0J 
tVXs BT?«u>&*0. 7©«-e-ft^Ufe. 

to o 3 1] r©»©#fttc«fct>T, mmm^vsmmt 
sa*ft«i^tfGai-. Ai. AsmtLTomvmmm 

>Eft+»±d»rJli:*«T#&V»SttT&tJ&fc»&. *« 
fcBfc#-r*sfcifta*»*. ^n^ffl&i^SIttGaAs 

ass t &nr i» iff xv^^ 

JWv^nlBjgnNfcfcJIi, gttS©yft0~0. 7*T? 
50 Sfl:a**i:»6 6 0 nm©^fi553t^e>iii?)5 4 0 nm 
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(5) 

7 

gteKDumzfa^Th. myt&.mm\z£iTKto2n 
Tye*mftu&k&fii\z&z>yto><Rmmifit. 
[oo3 2] xz\o%.fc9tm<?>mi&\mytm<D\M.T\zm 

a fe l < \tz.n\zttmh^^<Dm$ iz&mzmm lt 

J&£L.&fc©-?&-5. 10 

to o 3 3] x. -#RttJi&i8tt-rT:mci^&)t£ 

tm\zW 0Wr^*inJI6t?*0. GaAs#¥3Mfc!e 

GaA 1 P-LED ■ JMMcJBt^tflltL. *-©« 
SI«GaP?t^»ftiKSS«^I nGaA 1 P-LED 

T^tci^o ftKhmmzn-mzm. o ta-r. a? 

[0 0 34] X. P n8^*t^;i/^D«|jg«#5* 

om : ?v>®&-?*>&yt\zm.m&-!3--r%Bft&&%:m2 1 

^uTttggb. Ga... Al. A s ©m«SS»@ 3 « 

pfiimffifl>e.©mffi£¥*#f£3fc3s J ? -led^^ 

[0 0 3 5] X. WflfSiSS<3C^fcJ6tC»4. 5S3te)i©3fc 

o&ytmm&ftmz&m^tzMm** m&m 20 1 

Z\<Dm&m*&tS-M0>2 : 7yhl§2 1, 2 30 
T, pn a^tf^^? n**Ttt«KiORJi 3 «* 
& ft^IS 0 ffl 3 ©T P Wflffi 5 &K*WL 0 WTfflHO 

[0 0 3 6] rtMUGai-. Al. A s ^SKitSt)! 3 

$7- • LED3^7 p £®icffi^i*£;fc«>©*>©-ep<a 

[0 0 3 7] ^CT04, H5f4*aSWHTf, ««ES£®i: 

^3«j*>e»3t*titotasnstc«. pffiamsa^isom 40 

[0 0 3 8] XttQfHUmtt. WHftyr4>9r\ 
[0 0 3 9] ft*5> dWSWSBfciS&^K&^T, S&ftfc 

tt8^T*85#«ettJ§ 2ot. £©stt]f sj*tr 1 



#BB¥5-2 5 1 7 3 9 

[0 0 4 0] nffi&mBtLT\t> Gai-. Al. As 

Z.i*mzyfimmt£G a A s #¥5g#il6llgt£©ttO tZft 
KSgUfcG a P^#«ffi!gaS«Sffiffl LfclnGaA 
1 P - L E D • ¥m<*&ytmT&3(>Z>. G a Pft¥3S#: 
JSSSffie I nGaAl P— LED* ¥i£fc5&3£S!HP© 

[0 04 1] 04, 125tt, y**l~0. 5©«5ffiT» 
r©a©#ft^j;c.TfiH4BTS!3t$ 

©Ttitffl u^*««a«^©^aE{t <fc o < fg 

£ftV>. ^3tP2^e,©^J-8SS^©*S31£3l»3Hl 

sn, ±%<oytwir)thLmmm**>H&^mT-ffi\zfa 
[0042] *fc^ne»ss&»*-rs&j&©»«tL 

TIno.i (Gai-. A 1. ) o.t P • HSSJeS 
fiS*-5UtC5fr. G a P3t¥«fl=SaS«±fc I n 
1-, Ga, P8JS4IBJI (v= 1-0. 5) fcsfcgSH: 
Srtir«fcr)GaP^3f#:)gaS«t I no. • (Ga 
i-. Al, ) 0.6 P • ^7yKJia:©IW©|gm£R©j8 

[0 0 4 3] n-GaP3t¥lMIM- n-JPfcJf 
1 0«(C^-5y i'Sffil 1 SECn- 
GaP3t*#friSS»«l 4(BJ±(C^-*^^@ffil 3 
&W,% (GaP) lifiLED^ 

i-A-1!J5 ZKVmft&Xm? tn-GaPmfl: 

ngngs 1 4 t^^mm^^x^m^^^ 

X**^-r-5. X, In i-,Ga. P*&f£4jffl©ttl9 
Ini-, (Gai-.Ali ) . • Pi£j£4Ji2Jl (v = 
1 — 0. 5) tbTfelVi. 

[0 0 4 4] &C:#3g91©S6&Sm £0S£#SlLTt& 
a 4 ti*589H©*ifc0l 1 tcffS^WMBftR? 
•e**»«y-f *- H©«lll8«jiS:^-r»rS0T*5. 

ft^frjeS 1 4 t» Cl©^S©ffi^©®±fC^--3 <y 
?mi£l 3. Mi'^-©^- «ffil 3©±©#&£ 
^ 1 2 KrX%)tS 2 ©Mffidld@a£J6«B 3 , JIBS® 1 0 
x-Al 5©i?^ei 0 filter- 5 
yi'till £«KiMMM 3l:t-S7fii5 

«b> m&it&®*mfrm& 1 4 t^^si^a 1 5 1 

TVi*. *g-&<M©:*-3 •yi'Sffil 1 i: 1 3U&iS.&m 
IS 0 , «S©ffiM«/hS V^^Jt©©iK*vjs$ vs©T3t 
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9 

RtHL©»**iAV>. *fcltte*«*«fftl4»a»<D!R 
[0 0 4 5] *fc±E4^#^J^a>ttfi*ttfcov^ 

[0 0 4 6] ##»#H«W«^«a«*fift (MOV 
PES) ££0 J^S^-tirfc. 
[0 0 4 7] fiCftfctt h V*7)V<i >V»>A (TM 

i) , bvt^frtfvvis (tmg) , 

$~yjx (tm a) 5in *7c*a>y— xtLt, t;u 

>> (As Ha ) t7*X7^> (PH 3 ) SrV^TC^ 
[0 0 4 8] £fcPSF~/1>h£LTZn , nSH- 
(DM Z) % ->^> (Sift ) SV-XtLT 

[0049] cnsos*tt*xft****^uT«rx 

[0 0 5 0] K«»rta©jgE*tt3 0-10 OTorrT* 

S««8oot:es{cuns»5n^o 

[0 0 5 1] p-GaAs«KKI4Zn*H-^L&, 
ttyTUtfl x 1 0 lfl cm- 3 @S^ , b(O^fflV^o £ 
fiCDM^ffitt (10 0) fcja&fcp-Ga.Asfi 
«CD±fCp-GaAs (ZnF- ^ 3X10 18 cm" 3 ) 

p-Ino.5 Gao.2 Alo.s P§3II (ZnH- 
7\ 5X10 17 cnr 3 ) 50. 1 5 urn, p-GaAsn 
>*#hfl (ZnH-^ 3xi0 18 cm" 8 ) 50. 1 tx 
m, p-Gao.2 A 1 o . b AsHSKSSSJl (ZnH-^ 
4X10 1! cr 8 ) 3^7/im8E p-Ino.6 Al 
o.6 P) , 9*7V KB (ZnH-^, SxlOwcnr 3 ) 
2 251 /xmga^ 7>F-yino.s Gao.2iAl 
0.20 Pf§ttJi2 050. 6/imgS, n-Ino.e Al 
0.5 P9 9y\*m (Si H— ^ 5X 1 0 17 cnr 3 ) $1 
MmS, n-Gao.2 Alo.s A s JUS® (S i F — 
7\ 4X10 H cr 3 ) 57jigfi, n-GaAsa>^ 
^ M (S i H-y 4xi0 ls cr 3 ) 50. 
SS13\ S^iCn-Ino.s Gao.2 Alo.s P«SIK 
I (SiP-^ 4xiO u cr 3 ) 50. 15jxm^ 

[0 0 5 2] *lC^CDi:^HbT#^n^ I nGaA 1 
PSfiLEDfflM?M1150n-Ino. 8 Ga 

0.2 Aio.s p#®BiJi bt-^y99m»at^m\z 

fcfcfcRltTl^*) 5U>»T?7 0<C3 0g>Xy^>y 



(6) ^58^5-2 5 1 7 3 9 

i0 

LTiSL (U>8«GaAs^X7^>yi^OT 
«»&< I nGaA 1 P«81S©Wyf • 

, ^^t&lC^Dn-GaAsn^*^ hjfKA 
uGe^l (GeffiSO. 5wtW 1150. 5m 
m^«bfc^fC4 8 0131 OMArSl^Ty>^ 

[0053] ^t^cn*wj^tt»ciDBfe©»« 

(*JAtfi*g7 O/zm, Kyf#18 0 /im(DSffi;^ 

10 ttl IH^Bffll/TWn-GaAsa^^ hB5 
7>^EX7*<i:iSKfl:***^e^^X^5 1 >^T^ 

[0 0 5 4] — JP£2 5 0 /zm@^<Z>n-GaP*£ 
& (S P-y 3 X 1 0 17 cm- 3 ) <Dmm\ZAuGe&& 

I (Ge8$0. 5wt» 9, 1350. 5/imIf 
Lfc&5 0 0<C2 0»MAr*H«*-C5/>^U>ifU 
Tt-a^^3>^^ h5^JG£T5<, ^LT-jOAu 

^12 (GeS«12wt» 51 /zmga^3gTSo 
20 tJViTWHOAuGe^ftW«BB»fcJ:0mE«« 

I I fcnc/ii'-.>iaaBW». 

[0 0 5 5] C©J:5fcUT«*»*an&3tt*IW*:|S 
ft 1 5<7)nffl!iaffil 1 iGaP*^J|gai 4<D#ft-& 
*1 2*»»**3lta» *5&gfflfet*T4 0 0t:5#5» 
C©JHCJ:DAuGe*l*41 2 ««« 
G&Hi&^3 5 6t:) «ai l iMrr £ 0 
[0 0 5 6] *fcCOAuGe^*«)llttrK:J:Daar— 

J; 0 p — G a A s ¥*#«S»«<0*£ISS 
-T^o SEt::U>&T7 01C3 0#X7f^LTp- I 
no. 6 Gao.2 Alo.s P««RB5ISfc£U K£3S« 
j^tCctt) p-GaAs hBlCAuBe^&J15 
0. 48 0'ClO^Argiat 

Mic7-rir*>^^ >^^a{r^^>L56^^$e)^Au 

Be^i^CAu^l/imgSIfim ffi£<Z> 
»ttfcX!y?->yUTP«IWI5*»drr-6. 
[0 0 5 7] ^ fe«S 5 ^©gffltTV^ p - G a A 

[0 0 5 8] COAifcUTGaAsaSKftHa&LTtt 
a»2M8 I n G a A 1 P^feL ED • WttWfcSH*** 
S^T6, d<DL ED Tl^^AT D*iggS0S14@ 

m\zfi\5zt\zfc2> 0 n-mj&miomizfa&iitm* 
n -mmm 1 ota«to»HTi«#tK»a*u so 
«**#«a 1 4 KftSo 1 4 tx»L&* 

50 1, 13, &tf9®flmtf/h3V>8* 
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*^L<[6J±L.. 2 c dg«©|gfiLED7!|t^a-r-5. 
[0 0 5 9]ft*3> ±IE*JI«S|IC45HT. InGaAl 

tUTn-GaPSSfflUTW^ p-GaP6ffiffl 

s<TMlZtlZ>. SfenSlffitLTHAuGeCiCA 
uSi, AuSn?tUm<. PlSlilTttA 10 
uBe©il:AuZn*s*5. UttAu G 

e£Wl:AuSI*5»5. £fcAu*£tf1.<Z>&«-*>-&& 

*>©T«feV>. JIlCGaA 1 AsJ?)K®^V>Tfcl^« 

[0 0 6 0] HilW-eaitfiLEDlC^ViTSiWLfc 
fl*. InGaAl P«&lg<Z>*aj*£jS:i:&*.S d t let 

[0 0 6 1] -2g\zm 5 £#J!LT*589l0>*Sg0lJ 2* 20 

[0062] cna^ssitei B&wtzh^Mjfi 

T85n-fRll 0fi!|{t*^©^|SCTl?IB«Lfc 
MD©^i*T3f^©^«S"t>t>feSffil l&ffiMSUfc 
HC^SHt&ICTAgSrl /imiSI^L. iOAg 

ICtt^JiWl-CCDlft^LfcO.hll^ltC, 

1 4 1 1 6 £ 1 2 T«-&«jgS^-r*^. 30 

mzTn?--y>fLm\ 

[0 0 6 3] j tn&>fl-<ox.m**&®0mmmi tm® 
[oo64] *%m<Dmmw 2 e>®m*w*m 2 -rra 

Lfc#»#K#tg£l3i;8Mi£&JgS»Bl 8fc.it) a 

[0 0 6 5] &JSK&J11 8W«StbTliMfB©Ag 40 
OiKAu Al N i^<Offi{C^J||S;fflVJT ! bmVi*t 
A g ttfi jt^O^TffinT*! D, Au tMfe*»ft«ttTr 

[0 0 6 6] In... (Gai-i Ah ) o. s P • if? 
v F®£fi£SS-a-5Wt5fe-f . G a PJt¥*fr«fSSS 
±tlni-, Ga, Pi!fij££3ffiJl (v=l — 0. 5) £ 
^ft^-ar^Cltfcit). GaPft^i&ttiSSilgfci I n 
0.6 (Gai-. Al. ) i.iP-^7";Hlt<5ffi0» 

[0 0 6 7] n-GaP^«*jeSS«2 8«C^- 50 
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Sy^ttfll 1 JEtn-GaP3t¥® 
#SlSte2 4±C8gl/ftp-GaA s Plt!^+i' 

*;VJI2 6«iic^— svi'Sgi 3 (*Sfiffi) 

tt, (GaP) agfiLED^x-A-Ti&Sft 

¥«»^3tsS^t (GaAsP) ffcfeL ED?x-A- 

R#5r/'W X, Im-.Ga, PfflJ&Sj 

EOttOt'Ini-, (Gai-, Al, ), • Pi£j£4j 
mm (v=l-*0. 5) tl/TfcAVi. 
[0 0 6 8] *Z\-?®5\Z7jk?ftWm&m2\Z£-DTm . 

j&sn&^sfr&ftxAWxtt* 

fil4M«n-GaPt, •bo-ttn-mmm 1 0 
09^.«n-GaPi!®a^U<«, ft¥3*#Xfc!**->* 
JHtS/fcRII- p-GaPXlf^*->A'^0±fcn- 
Ino.s (Gai-i Ah ) t.i P ■ tfjy HH2 1, 
p-Ino.i (Gai-, A 1. ) d.e P • ?7yFi2 
2 ftttJf 2 0 tlc«fc D83EJB&*£-rs. 

ED-^x-A-) 15tT, fS^r/HXSS^ 
T5:bttT?;&£#. n-fflg^lOt. jfrJtO^fcEm 
ftl/ftt-S^til 1 (*3Emffi) £«J£U 
-5 v ^mffiffi±^ffit-^H«U< ${fc*&Jg 
KStJI 1 8 SJf^ Stc. 1 8 tyt*& 

1 4±\ZMf8LLft*-S. y • ±ffl«& 
i 7 <b£-&&^mt;:£0#a-&M;L&^Sy5'm 

s z mm<Dmm\t. Mmzn&&&ik uit*-*y 

tt^A«»6ja6*g»Ji*tAu. Al. AgXil K$i& 
om^&m&zfi\Z'g[4rT?&z> c t S1$stt5f»»;^ 

[0 0 6 9] Sg=©859i«4>£< £t>-o£Ui©3£ftJf 
£«J6£-r 5 *MS#X fcf* * -> ^ )V&&f£&m £ 5 ¥ 

*«^-r * ¥*#x b: * * -> * jvts& i&&m&ytm 

¥«#f83e£^<h©S££&KC±oT#ll£&8^t;: 

fS^-r^fe©-?**. *ic0 6*#Mur^ig 
sas^3^^Tmwrs. 

[0070] cn«0 4co^^^jeai 4^*0 

\Zs G a A s P #fi LED (t!-^Sg6 5 0 nmi 
SO Sx-A • ^«»%)fe^2 3 t.»5A 
**5fe fc 32 W V ft H 4 O^iSfiW fc K S^: -d T ^ 

[0 0 7 1] ClOGaAsPgfiLED (H-^^g6 
5 0 nmiffi >>x-A • ^«ff^jfl^2 3««»J^« 
06T*-r*5fC, COGaAsPffiLED^i-A 
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• y-mfr&ytm^ 2 3 *mm- z ^-xtwn-Ga 

Pft¥*#<g&g«2 4±I;:06-2 5n-GaAsP 
XtrgtB3 6 - 2 6©p-GaAs PXtfJ§£8USJ&B 
3*, 06-2 5n-GaAsPieii:B6-2 6ffl 
p - G a A s PXfcTJf iT&ftJf £J&£T5. 
[0 0 7 2] ^OGaAsPgfiLEDi)iA--if« 
&5Sftiti*2 3tt04 7?jfeClttKLfe^ffilCJ:DGaP 
JlfeLED (fcr-?ifcg5 6 5nmg£) 'JiA-'f 

****** 2 7 tgp&sn*. 

[0 0 7 3] -J, 06-2 8liGaPgfiLED'>i 10 
A — • ^JSftc&ftiiS^ 2 7 &«^-r**CD^-Xt^«. 
n-GaPSK2 8±fc, 06 ©n -G a PXfcfH 2 9 
iH6©p-GaPXt!@3 0tT5S^*^TS. 
£ © J; 5 \Z UTf^nfcH 6 ©^ft^ftxA-f 7. • ? 
y^te^ti&W^WfiSfi^-SLEDifcS. -£-LT 
S-S-M^ S> 31 3 ©«ffi£& 0 WT C i fe £ 0 1 <i©^ y 

[0 0 7 4] &»CH7fc#J«^T*jOT!3iaW!4fc:3V» 

-oawf*. a> 

[0 0 7 5] ;ift«0 4 <7)¥*#iS£li 1 4 K>tf*b D fc, 
n - G a A s Px£JItt¥i!*#xbr ^^jMSftft* 
Ji 3 4 £ G a A s ¥3S#*£&±l:iJ&B3 l+fc&X y ^ > 
^C«fcr)GaAs¥*#i|g||£Bfc3;U n-GaAsP 
x £j|%¥*ttx WM@Ai££JS 3 4 ±tc n - 
G a A s PXt^3t#*frxt! ; S'^>'Y;HKSf!fcg^2 
5 ip -G a A s PxKB3fc¥**xK**5'*;M&.l 
J&KJI2 6 t*m&i<Mf£%.m&&l&t<K2>. cntcfc 
OGaAs P^fiLED^X-A-3 6&^i-*^( 
**, *fciftELfc04©*BW£ifc«li», 30 
mfcvT&O. ho l#©n-G a PlHS 
Xtf**->-r;MSiif£:g)i3 3^-Xtl/Tft5Ga 
P iSft LED — A — (If— ^i!fcg5 6 5 nrnMSD 
3 5(t 0 6©**ISIIJS«f!)3T?©n-GaPfeSS« 

2 8^6«fieStXfc (GaP) jgfiLED^X-A-2 
7 tttS*WfCn-GaPieaa«2 8 tn-GaPI 

fcrs3t**«£xtr^*->v;nea^e 3 3Mmcn - 

GaP 24£n-GaAsPX fcTJift^SttX 

K**->WHeariEgB 3 4 tfflMMTSftoTVi 

[0 0 7 6] -£11 T\ 07©#§89igyfieiJ4T?©GaA 
s P^fiLED (fcf-?fcg6 5 OnmgaD £x— A 

3 6ttn-GaPXtT^+v-v;HKS)«^3 4*^^ 
•3, 0 6©^2Sta|3T©n-GaPi!gSS«2 4^e.ffil 
«Sn&GaAsP*eLED (lI-i?SI6 5 0nm 
SS) £x-A2 3 ttt^WKfWS-'bSft-o < -5. 

[0 0 7 7] 07 ©#&g)3Sllgfll 4 

■GaAsPSffiLED (fcT-^ifcg 6 5 0 nm|£ 
$x— A3 6tt, n-GaAsPlW+ytJUSSS 
SS3 4±(C^S.«Ui«|^3n«:07-2 5©n-G 50 



$JBB¥5-2 5 1 7 3 9 

aAs PXbf^+->-v;^a<Sfi®t07-2 6©p- 
G a A s PItf^+->vJHBI«SItTMi*f« 

[0 0 7 8] XuOGaAsP*fiLED9iA-3 6 
T*5¥iJJft:3gft3f§*fcfc5 1 #©¥*#:?eft?Si* ■ 

(GaP) &&LED (t:-^g5 6 5nmga9 V 
x-A3 Sfctn-GaPft^ttXtr^^^iyS 
g>g3 3±(c8(^T?#ll£3nfcH7©n-GaPXtf3' 
*->*;HgSj&gJg2 9 .fc07©p-GaAs PlW 
*->*JHgiy£fiJI3 0 kTS&tM&»l&r&. 

[0 0 7 9] C©«(CUT«^UfcGaAs PifeLE 
D^xA-36 (fcl-^if 6 5 0nmi» TJfeS^ 
^ttfgft&^tGaPlifiLED^X-A- (Vf-^SE 
S5 6 5 nmg&) 3 5 Tfc* ¥$#8ft 
ffiig^rJcis#a-&^^-c#ie*^**^*©ite-& 

[0 0 8 0] K¥*ffl?*xA-rxB!ji^j*«^7©* 
9! T? * * taiE¥a*#5S Jfe**©****x tf ? * -> * * 
fclll/fcgjf 3 3±K3M&Lfc:*-5y?«S2:'&5-# 
CHSB*i#M*f03t*«ftI tf ;HSIIiJ£ 
SI • p-GaAs PXtf^^->YJl'g2 6±lC*-3 

p - G a A s P I If^^ 2 6 tn 
-GaPXfcf**->Y;HI3 3 ©;t-3y 

[0081] zn\z£i-c&*-siyi?mmm&%&m 

Si6#Sn?&-5. 04, 06, 07©11, 12, 13 
©#g£&^fSfe©^J^£#::*n?*5. 
[0 0 8 2] 0 7"C5fetCl«Wbfc^&tCj;OGaPilte 
LED (tr-2?aES5 6 5 nmigS) £xA— 
*3!l#5SftifS* (LED<7x-A-) 3 511 07 ©ft 
^^Xfcf^+v^J^S^gB • p-GaPXfcf** 
v-WWI 3 3 Jttcn -G a PXfcr^^^VifeSSJ&BJl 
2 9, p -GaP )l%ihf$.&iB 3 0T»A/ 

fc*Vit>t0S#^ft#i6KTfeSN/G a P83fcg£15fS 

[0 0 8 3] r© < t'5tLr#e.nfc¥*^ft^A*-f 

£ ffirt>S>?g 3 ©Sffi&St o tar £ t \Z J; 0 1 «©^ y y 
^54$f8£J#r?. X W-feLEDTfUGaN, SiCl 
[0 0 8 4] 

i&w<o%>m &*m#f£ytm : f-izmrt-i rx^n^ 

n^iDLT, &*©8ft@^SI?r5£©ikgft©5Sft*fc 

l < \zBtft7L\*mizno<¥m&<o&yt&&M\zfflm'*j 
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